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The BeiDou Navigation Satellite System (BDS) is
constructed and operated by China. It was once known as
“Compass” system. The BDS space segment is a hybrid
navigation constellation consisting of GEO, IGSO and

MEO satellites.

1 Beidou Navigation System

Ground Tracks of BDS Satellites(2019/10/12/02:00 BDT)
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The BDS satellites all carry retro-reflectors, and their predictions
are provided by SHAO.

1 Beidou Navigation System

-

COMPASS (Courtesy of Shanghai Astronomical Observatory)

Courtesy of Chinese Academy of Sciences

k The shape of Beidou satellite Beidou retro-reflectorj
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2 BDS Navigation Message

The BDS Open Service broadcast navigation message IS
similar in content to the GPS navigation message. The Rinex
file which contain observe data, broadcast, other useful

message was acquired from BDS receiver.
The file was in Rinex V3.03d format

Details: https://kb.igs.org/hc/en-us/articles/206482558-
RINEX-3-03-Release-Notes
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2 BDS Navigation Message

BDS Navigation Message Example

File header
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END COF HELDEER

col1 2018 11 04 01 00 00-1.578773371873e-04 4.8120618600%3e-11 0.000000000000=+00
1.000000000000e+00 5.774062500000=e+02 2.382242087088e-09 2.413152406855=e-01
1.500270581245e—-05 4.7345320334730e—-04-2.155825800300e-05 ©£.453362161636e+03
2.600000000000e+03-1.47148966785%2-07-2.61687595273778e+00-2.580232238770=-08
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0.000000000000e+00 0.0000C0000000e+00
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2 BDS Navigation Message
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co1l 2018 11 04 01 OC O00-1.578773371872e-04 4.8120618600%32e-11 0.00000C000000=2+00
00000000000 0e+00 5.774062500000e+02 2.382242087088e-05 2.413152406855e-01
1.%200270581245e-053 4.734520334750e—-04-2.155825800300e-05 £6.493362161636e=+03
3.600000000000e+03-1.47148%66785%2e—-07-2.616875573778e+00-2.5%80232238770e-08
7.2284134032%0e-02 £.757300000000e+02-1.20110132656422e+00-1.3590066232641-09
8.214627886510e-12 0.000000000000e+00 &.70000C000000e+02 0.000000000000=+00
0.000000000000e+00 0.000000000000=+00 1.420000028673e-08-1.035555557232=-08
2.657000000000e+02 C.OCO0O000CO000e+00 O0.000000000000e+00 C0.0000OC00O00000=+00
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The navigation message provides broadcast ephemeris in the
form of Keplerian orbit elements and additional correction
parameters. The orbit ephemeris should be calculated via

specified algorithm.
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3 BDS Orbit calculation

BDS Specification:

1=3.986004418 x10"* m* /s’

Q, =7.2921150x10" rad/s

n=3.1415926535898

BDS orbit calculation is Keplerian, similar to GPS algorithm,
but coordinate system is BDCS (BeiDou coordinate system).

BDT (BeiDou Time) is 14 seconds behind GPS time.

Geocentric gravitational constant
Earth Rotation Rate

Circumference Ratio

\ A, =27906100m (MEO), A, =42162200m (IGSO/GEO) /




/3 BDS Orbit calculation \

The GPS Orbit Algorithm (Seeber,2003,Satellite Geodesy)

Keplerian Parameters to ECEF Coordinates

T =2m/A|GM/A’ Satellite orbital period

GM ‘ .
ﬂ[} = (;ﬂﬂ'lpllt&d mean motion
A

n=mny+ An Corrected mean motion
M, =M, + ni Mean anomaly
E, =My + esin E, Kepler’s equation of eccentric anomaly is solved by
iteration.
cosE —e
COS U.&: =

_ True anomaly
l—e¢cos E \ )

a .
_ 4/1—¢" sin E}Q
sIN v, =
k B True anomaly
K l—ecosE, )




/3 BDS Orbit calculation

b, =v + o

ou, = C,, cos 2@, + C,, sin 2®,

or, = C,. cos 2@, + C,, sin 2P,

o, = C;, cos 2®, + C;, sin 2@,
= ®, + duy

1, = A(1 — ecos E;) + on,

I, + 1y + 1t, + Si)

X} = 13, COS Uy

Y, = r, sin u,

0, = Q, + (fz ®)l — oo,

Argument of latitude
Argument of latitude correction
Radius correction

Inclination correction
Corrected argument of latitude
Corrected radius

Corrected inclination

Position in the orbital plane
Position in the orbital plane

Corrected longitude of ascending node

X, = X} cos () — Y} sin L), cos i,
Y, = X} sin ), + Y} cos () cos i,
Zk Y_:g sIn ik

Earth-fixed geocentric satellite coordinate
Earth-fixed geocentric satellite coordinate
Earth-fixed geocentric satellite coordinate

The coordinates are in BDT/GPST.

/
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/4 Comparison with official (SHAO) CPF

™

v’ Calculate Navigation Message CPF

on given epochs, in BDT or GPST. (Compensate leap
seconds since year 2006.0 ).

UTC =GPST-18 @ Nov. 2018
UTC =BDT -4 @ Nov. 2018

The coordinates are transformed in UTC.

v’ Write coordinates into CPF ‘10’ records. Set dummy
\ header, data blocks and tail.

Calculate ECEF (Earth Center Earth Fixed) coordinates

/
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/4 Comparison with official (SHAO) CPF \

v’ Calculate Navigation Message CPF

Calculate ECEF (Earth Center Earth Fixed) coordinates
on given epochs, in BDT or GPST. (Compensate leap
seconds since year 2006.0 ).

UTC=GPST-18 @ Nov. 2018
UTC =BDT -4 @ Nov. 2018
The coordinates are transformed in UTC.

v/ Write coordinates into CPF ‘10’ records. Set dummy

H1 CPF 1 CH&L 2015 08 01 06 0000 CompassGl
2 HZ 1000101 2002 36287 2018 11 4 © 14 42 2018 11 13 23 44 42 30011 00O
3 H> 0.0000
i HS
10 0 58426 000000 O —32277581.915 270%5702.014 81334.833
s 10 0 58426 000000 O —32278%981.454 270943244 038 10577.30%9
10 0 58426 000000 O -32280345.5%8¢6 27052554 .16 -e02235.270

10 O 58426 000000 O -32281c688.101 270%1650.581 -130767.626
] L} = - S0 ] = == L] | ] s ] i G



/4 Comparison with official (SHAO) CPF \

v’ Compare the two CPF files

Consider the meter level accuracy of our orbit, the differences
between BDCS and ITRF could be ignored.

The SHAO CPF as host CPF. The NavMsg CPF as guest
CPF. Interpolate the data in host for coordinates on
guest epochs.

Host : ...... Xigy Koy cvvenn X0y Xig eee--
Guest: X, Xy, Xips ... = X Kigs oo

\ Also calculate derivatives while interpolation. /
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/4 Comparison with official (SHAO) CPF \

v’ Comparison Statistic

Calculate 3D-position difference:

AR = VAX2 £ AY2 4+ AZ2

Solve Time Bias and Range Bias:
p=p-TB+RB

Note that TB\RB Is unstable around geostatic points,
k where range derivative approaches zero. /
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The upper plot shows differences in X,Y,Z coordinates within =1 km.

The lower plot shows Time Bias [ms] and Range Bias [m]. 15




Position difference [m]

Time Bias [ms]
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The X,Y,Z coordinates and position are less than 50m in 24h. 16
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Compass-IGS0-5
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Compass-IGS0O-6B
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Compass-IGS0O-6B

Position difference [m]

Time Bias [ms]

100 = N P 1000
~.’ X I
ER Y b
R I
50 R 500
— - - l —
it i R [
X Voo LI
I ekl :\9\""'-\ —— ; 1! Jf ey : s
0 RO R o T T ! 1 r Nz oy g ) -0
.r/;” 'u-{‘ \\\\ i - S \’ ! l\ ; \:: "_ ll T __:
AN SR N ! 1 ooy s
- ‘g . : f v: - -
N N ] \_ R S -
-50 - S N —+-500
i‘_./f A
9% 24 28 ’— 7 ~1000
Hours since MJD 58426.0
1000 T T - 1000
& " N B
————— B Ha o Sl 1y
1 ',"‘\\ N :I 5:
500 - AT ] -500
[':_ ~ \ :: I[ ::
E VoS H g
B NS I R
0 ~mmmm MM ] T L T T T T T e T B :&‘--..__\ ;' B —H0
1 O B 1 L
| E I JE
3 £ H s E
-500 ¥ s 5 1 i E N —-{-500
3 1 kY £/
RB I - b N
IRXEIEIE z 1 ¥
| 1 - | b \\|
-1000 x . -1000
0 24 48 72

Hours since MJD 58426.0

Position difference [m]

Range Bias [m]




Compass-MEO-3
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The coordinates for MEO are less than 1Km in 24h.
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/4 Comparison with official (SHAO) CPF

™

From the results showed above, we could see that:

predictions In first 24 hours.

the observatory can always update navigation message

whenever the satellite 1s visible.

\_

the plots shows much better consistency between the two

/
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1. Comparison between BDS broadcast orbit and official CPF

5 Conclusion

orbit exhibits high consistency in first 24 hours.

2. BDS receiver-based navigation message can be alternative

source for BDS CPF prediction.

\_ /
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